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(57)Abstract: 

PURPOSE: To provide the seamless shape memory alloy pipe or long-sized pipe having an 
arbitrary shape and the process for production of such pipe. 

CONSTITUTION: The shape memory alloy pipe consists of a shape memory alloy having a 
predetermined length, is seamless and is continuous in a longitudinal direction. The production of 
such shape memory alloy pipe is executed by drawing pipe stock consisting of the shape memory 
alloy down near to a desired wire diameter without inserting a core bar therein and without 
increasing the thickness of the pipe stock. On the other hand, there is also a method of inserting the 
core bar into the pipe stock consisting of the shape memory alloy and reducing the thickness of the 
pipe stock near to the desired wire diameter, then drawing the pipe stock. Further, there is a method 
of adjusting the thickness and diameter of the pipe stock by an elongating method in which plural 
rolls which rotate back and forth in the longitudinal direction of the pipe stock consisting of the 
shape memory alloy, guides connected thereto and the mandrel inserted into the pipe stock are used 
and at least either of the pipe stock and the mandrel rotate independently. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to shape memory alloy tubing without a joint, and its 

manufacture approach. 

[0002] 

[Description of the Prior Art] Although application of a shape memory alloy could be divided 
roughly into the thing using the shape memory effect as temperature-sensitive actuators, such as a 
thing using superelastic [, such as a brassiere and guide wire, ] and an electric coffee percolator, and 
******, the improvement of the functionality was called for for all. Moreover, the examination to a 
joint, a heat pipe, a medical-application catheter, etc. is also recommended as new application 
expansion. In them, Ti Ni alloy tubing especially had high expectation of practical use. 
[0003] Conventionally, as the manufacture approach of this Ti Ni alloy tubing, cutting or an electron 
discharge method is mainly performed, long picture-ization by the wire drawing of a welding pipe is 
also considered in part, and it is for the first time. 
[0004] 

[Problem(s) to be Solved by the Invention] however, the above-mentioned tubing — manufacturing — 
facing — the machinability of a shape memory alloy, and the hole especially according to a drill etc. - 
- for the path contraction by processing generation of heat, degree-of-hardness change, etc., dawn 
workability was very bad and had left the big technical problem to the workability and cost by early 
consumption of a tool. 

[0005] Moreover, when long picture-ization of a pipe is considered, a diameter 5 to 10 times the die 
length of of a drill is a limit, and the one of punching in drilling to a shape memory alloy 10 to 20 
times the die length of a path is a limit also by the electron discharge method. 
[0006] Furthermore, when the application to a medical-application catheter was considered, die 
length of several m was needed if needed [ 500mm or more ] to l-2mm of diameters, and the 
dimension of tubing was that whose correspondence is impossible at all in these processings. 
[0007] On the other hand, manufacture of the narrow diameter long picture tube which can respond 
to a catheter etc. is considered by wire drawing in the welding pipe recently. However, it had the 
difficulty that dependability is missing for tubing which has a joint. 

[0008] Then, the technical technical problem of this invention is to offer shape memory alloy tubing 

without a joint or shape memory alloy long picture tubing, and its manufacture approach. 

[0009] 

[Means for Solving the Problem] According to this invention, it consists of a shape memory alloy 
which has the tubing configuration of the die length defined beforehand, and shape memory alloy 
tubing characterized by for there being no joint and continuing in the die-length direction is obtained. 

[0010] According to this invention, in said shape memory alloy tubing, shape memory alloy tubing 
with which the value of the ratio of thickness and a tube diameter is at least 0.125, and is 
characterized by having twice [ at least ] as many bending yield load as this to the wire rod of the 
same cross section is obtained. 

[001 1] According to this invention, in said shape memory alloy tubing, shape memory alloy tubing 
with which the value of the ratio of thickness and a tube diameter is at least 0.125, and is 
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c^^rt least ] as many recuperability as this t^^ 



characterized by having twice [at least ] as many recuperability as this to the wire rod of the same 
cross section is obtained. Here, the cross section except a cavernous part which an alloy or a metal 
occupies in fact is called the cross section in this invention. 

[0012] According to this invention, the manufacture approach of shape memory alloy tubing 
characterized by carrying out wire drawing without fattening the thickness of this tubing material to 
near [ for which it asks without inserting rodding in the tubing material which consists of a shape 
memory alloy ] the wire size is acquired. 

[0013] According to this invention, in the manufacture approach of said shape memory alloy tubing, 
the manufacture approach of shape memory alloy tubing characterized by processing said tubing 
material at the temperature of 500 degrees C or more is acquired. 

[0014] According to this invention, in the manufacture approach of said shape memory alloy tubing, 
the manufacture approach of shape memory alloy tubing characterized by annealing whenever the 
reduction of area of said tubing material becomes 50% or less is acquired. 
[0015] According to this invention, the manufacture approach of shape memory alloy tubing 
characterized by making thickness of this tubing material thin and carrying out wire drawing to the 
tubing material which consists of a shape memory alloy to near [ for which inserts rodding and it 
asks ] the wire size is acquired. 

[0016] According to this invention, in the manufacture approach of said shape memory alloy tubing, 
the manufacture approach of shape memory alloy tubing characterized by processing said tubing 
material at the temperature of 500 degrees C or more is acquired. 

[0017] According to this invention, the manufacture approach of shape-memory-alloy tubing 
characterized by to adjust the thickness and the path of the tubing material concerned processed is 
acquired by the extension roll-turner method which at least one of said tubing materials and said 
mandrels rotates independently to the longitudinal direction of the tubing material which consists of 
a shape memory alloy using two or more rolls which carry out both-way rotation, the guide 
connected to them, and the mandrel by which penetrating was carried out at said tubing material. 
[0018] According to this invention, in the manufacture approach of said shape memory alloy tubing, 
the manufacture approach of shape memory alloy tubing characterized by processing said tubing 
material at the temperature of 500 degrees C or more is acquired. 

[0019] According to this invention, in the manufacture approach of said shape memory alloy tubing, 
the manufacture approach of shape memory alloy tubing characterized by making the reduction of 
area and the rate of wall thickness reduction of a path of said tubing material into 20% or more, 
respectively is acquired. 

[0020] According to this invention, in the manufacture approach of said shape memory alloy tubing, 
the manufacture approach of shape memory alloy tubing characterized by repeating the reduction of 
area and the rate of wall thickness reduction of a path of said tubing material as 30% or less, 
respectively, and annealing them is acquired. 

[0021] In addition, in the example of this invention described below, although not shown, the 
manufacture approach concerning this invention is applicable to all shape memory alloys, such as a 
Ti Ni alloy, Ti-nickel-X alloys (X=Fe, Co, Cr, V, etc.), a Cu-Zn-aluminum (El) alloy, a Cu-nickel- 
aluminum (El) alloy, a Fe-Mn-Si alloy, a Fe-nickel-Cr alloy, other Cu radical alloys, and Fe radical 
alloy. 
[0022] 

[Example] Hereafter, the example of this invention is explained. 

[0023] (Example 1) After processing into a solid billet the Ti-50.5at%nickel alloy obtained with the 
high frequency vacuum melting process, it considered as the barrel with an outer diameter [ of 
15mm ], and a bore of 1 1mm by machining. Next, with elongator, it was processed to the outer 
diameter of 3.0mm, and the bore of 2.6mm. It has 2 thru/or 3 rolls arranged in parallel to an 
extension rolling sample, and a round trip and rotation are suitably adjusted forward and backward to 
a sample, and the taper-like guide connected to the roll adjusts the path workability of this sample, a 
mandrel is further inserted in the cylinder inner core of a sample, and rotating a sample or a sample, 
and a mandrel independently, respectively, this rolling mill is constituted so that extension rolling 
may be performed. The result of having performed the wire drawing trial without having changed the 
working temperature and the reduction of area of a sample and inserting rodding was shown in the 
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next table 1 . 
[0024] 



No. 










ffi % 


1 


60 


0 


700V 


o 




2 


50 


0 


700V 


o 




3 


40 


0 


700*C 


o 




4 


30 


0 


700T: 


o 




5 


60 


0 


500"C 


o 




6 


50 


0 


500X! 


o 




7 


60 


0 


400V 


A 




8 


50 


0 


400V 


o 




9 


40 


0 


400V 


o 


mi, tvvtmiUi, 


1 0 

J 


60 


0 


m& (.2 5V) 


X 




1 1 


50 


0 


m.m. (2 5*0 


A 


Wfimzmtim- 


1 2 


40 I 


0 


Mft (2 5*0 


A 




1 3 


30 


0 


Mm. C25V) 


o 




14 


20 


0 


mm. (2 5V) 


o 




1 5 


1 0 


0 




o 





[0025] The reduction of area and the thick lapse rate which are shown in Table 1 are shown by the 
several 1 following formula and several 2 formulas, respectively. 
[0026] 
[Equation 1] 



ffiffim (%) 



S l ~ S 2 



1 



x 1 0 0 



S2 



[0027] 
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[Equation 2] 

* 1 " * 2 

&imi&m (%) = — x i o o 



[0028] clear from Table 1 - as - sample No. 1 -No. 15 -- each - meat - growing fat - it does not 
accept. Although it was not able to fracture and was not able to be processed in cold working in a 
room temperature when 50% of reduction of area was exceeded, it was possible in temperature 
processing of 500 degrees C or more. 

[0029] Next, piano wire is inserted as rodding and the result of having carried out said same trial is 
shown in Table 2. 



[0030] 
Table 2] 



No. 








iraltfe 


{fit # 


16 


50 


35 


700*C 


O 




17 


40 


20 


700*0 


O 




18 


30 


1 5 


700*0 


O 




1 9 


20 


1 0 


700*0 


O 


? 7 v L 


20 


50 


30 


500°C 


O 


SfOft. ^^MSL 


21 


40 


1 5 


500*0 


O 


tain. ? 5 * *3S3=tt l 


22 


50 


25 


4 0 0'C 


A 




23 


40 


1 3 


400^ 


O 


sun, tzvirsm&L 


24 


30 


10 


Mi®. (2 5*0) 


o 




2 5 


50 


20 


Hia C2 5r) 


X 


£E£]n§££ 


26 


4 0 


1 2 


MS (2 5t) 


A 




27 


30 


8 


mU (2 5"C) 


O 




28 


20 


3 


MM (2 5*0 


O 




29 


1 0 


2 


MM. (2 5*0) 


O 





[0031] As the remarkable decrease of thick accepted by 30% or more of reduction-of-area processing 
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of sample No.16-No.27 and shown in sample No.16-No.21 by temperature processing of 500 more 
degrees C or more, the decrease of thick was more remarkable so that clearly from Table 2. 
[0032] Furthermore, as a result of performing shape memory treatment for 400 degree-Cx 30 
minutes for these sample No.16-No.29, the alloy showed the shape memory effect at the temperature 
of -10 degrees C or less in the example 1 of below martensitic transformation temperature and this 
invention, and the alloy showed superelastic above 0 degree C in the example 1 of this invention 
beyond reverse transformation temperature. 

[0033] (Example 2) 21%Zn, Cu-Zn which consists of the aluminum (El) remainder Cu 6%, and 
aluminum (El) alloy were made into the barrel with an outer diameter [ of 15mm ], and a bore of 
1 1mm like the example 1 . 

[0034] Next, after performing extension rolling and making this into the outer diameter of 3.0mm, 
and the bore of 2.6mm, the same trial as an example 1 was performed. The obtained result was 
shown in sample No.30-No.46 of Table 3 and 4. The core wire processing result and Table 4 where 
the following table 3 does not insert rodding are the result of inserting rodding (brass) and 
performing wire drawing. 
0035] 



No. 












30 


60 


0 


500*C 


o 




3 1 


40 


0 


500V 


o 




32 


30 


0 


500V 


o 




33 


20 


0 


500«C 


o 


son, *?v9miteL 


34 


50 


0 


ma. (.25X1) 


A 




35 


40 


0 


MU (2 5V) 


A 




36 


30 


0 


(2 5*0) 


o 


mn, 95v*m&i 


37 


20 


0 


mm. C2 5V) 


o 





[0036] 
[Table 4] 
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No. 








item 




38 


60 


40 


500t 


o 


ain. ?7v*3g£ttL 


39 


40 


3 5 


500*0 


o 




40 


3 0 


25 




o 


#jn» i-^v^feL 


4 1 


20 


1 5 


500*0 


o 


fdtw ^5vWiL 


42 


50 


30 


(2 5^C) 


A 




43 


40 


25 


5001C 


o 


&in, ??v^L 


44 


30 


1 5 


40or 


o 




45 


20 


3 


500*0 


o 


sun. ?7v^l 


46 


10 


2 


500t> 


o 


sin. ?5^MtiL 



[0037] After that, solution treatment of sample No.30-No.46 was carried out to the parent phase, 
water quenching was performed, and characterization was performed. Consequently, shape memory 
was shown below at martensitic transformation temperature, and superelastic was shown above 
reverse transformation temperature. 

[0038] (Example 3) After processing into a solid billet the Ti-50.5at%nickel alloy obtained with the 
high frequency vacuum melting process, it considered as the barrel with an outer diameter [ of 
15mm ], and a bore of 1 1mm by machining. Next, processing was tried with elongator. It has 2 
thru/or 3 rolls arranged in parallel to an extension rolling sample, and a round trip and rotation are 
suitably adjusted forward and backward to this sample, and the taper-like guide connected to the roll 
adjusts the path workability of this sample, a mandrel is further inserted in the cylinder inner core of 
a sample, and rotating a sample or a sample, and a mandrel independently, respectively, this rolling 
mill is constituted so that extension rolling may be performed. The result of having changed the 
working temperature and the reduction of area of a sample, and having performed extension strip 
processing was shown in sample No.51-No.65 of the next table 5. 
[0039] 
[Table 5] 
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No. 








UflXtt 




5i 


50 


40 


7 0 0*C 


O 




52 


40 


35 


700*0 


O 


Mil, ?7vWiL 


53 


30 


20 


700*0 


O 




54 


20 


1 5 


700"O 


O 




55 


1 0 


5 


7001C 


o 


an. ^7»^l 


56 


40 


35 


600*0 


o 




57 


30 


20 


600^0 


o 


sin. *v**ig£fcL 


58 


40 


35 


500*0 


A 




59 


30 


20 


500*0 


O 




6 0. 


40 


35 


400*e 


X 




6 1 


30 


2 5 


4 00*0 


A 




6 2 


40 


35 


(2 5*0) 


X 




63 


30 


20 


MM. (2 5*0) 


A 




64 


20 


1 5 


C2 5*C) 


O 


am. ^7^^L 


65 


10 


5 


(2 51C) 


O 


tutu ??y?5g£tcL 



[0040] The trial showed the relation between the cross-section percentage reduction (reduction of 
area) of a cylinder, the rate of wall thickness reduction of the cylinder accompanying it (rate of wall 
thickness reduction), and working temperature in Table 5 to the barrel with an outer diameter [ of 
15mm ], and a bore of 1 1mm. In addition, when working temperature was less than 500 degrees C, 
the reduction of area had to be arranged to less than 30%. Based on this experimental result, at the 
temperature of 500 degrees C or more, it was processed into the barrel with an outer diameter [ of 
8.0mm ], and a bore of 7.0mm, and 700-degree-C annealing was repeated for every 20% cold 
working of reduction of area after that. And it considered as the tube of 30% of rates of the last cold 
working thick 0.15mm. As a result of performing shape memory treatment for 400 degree-Cx 30 
minutes for this tube, the alloy showed the shape memory effect at the temperature below martensitic 
transformation temperature (the example 3 of this invention -10 degrees C or less), and the alloy 
showed superelastic above reverse transformation temperature (the example 3 of this invention 0 
degrees C or more). 

[0041] (Example 4) The same trial as an example 3 was performed using the tubed specimen of an 

example 3. Experimental conditions and a result are shown in the next table 6. 

[0042] 
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No. 












66 


40 


0 


600*C 


o 


Wft, ?7vWiL 


67 


30 


0 


600V 


o 




68 


20 


0 


600*0 


o 




69 


40 


0 


MS. (2 5X3) 


o 




70 


30 


0 


Mi®. (2 51C) 


o 




71 


20 


0 


ma (2 5V) 


o 


£4*1, ^7v^iL 


72 


30 


28 


600V 


o 




73 


20 


18 


600V 


o 


sin. ^^v^^^l 


74 


10 


9 


600V 


o 


«m. {'7-^i64/£L 


7 5 


30 


28 


mu i2 5vy 


X 




76 


20 


18 


(2 5-C) 


A 




77 


1 0 


9 


MU (2 5*0) 


o 


^7v»4L 



[0043] As shown in Table 6, when working temperature was 600 degrees C, in sample No.66-No.71 
which changed only the reduction of area, neither the crack nor the crack was generated at least 40%. 

[0044] However, in room temperature processing, 30% was a limit. Moreover, in room temperature 
processing, in sample No.72-77 which changed thickness, 20% was a limit. As a result of performing 
shape memory treatment for 400 degree-Cx 300 minutes for this, the alloy showed the shape 
memory effect at the temperature below martensitic transformation temperature (concretely the 
example 4 of this invention -10 degrees C or less), and the alloy showed superelastic above reverse 
transformation temperature (concretely the example 4 of this invention 0 degrees C or more). 
[0045] (Example 5) 21%Zn and the Cu-Zn-aluminum (El) alloy which consists of the aluminum (El) 
remainder Cu 6% were made into the barrel with an outer diameter [ of 15mm ], and a bore of 1 1mm 
like the example 3. Next, after having heated this at 850 degrees C, performing extension rolling and 
considering as a barrel with an outer diameter [ of 8.0mm ], and a bore of 7.0mm, 850-degree C 
annealing was repeated and it considered as the tube with a thickness [ of 15% of rates of the last 
cold working ] of 0.15mm. Then, solution treatment was carried out to the parent phase, water 
quenching was performed, and characterization was performed. Consequently, shape memory was 
shown below at martensite temperature, and superelastic was shown above reverse transformation 
temperature. 

[0046] (Example 6) The Ti-50.5nickel (at%) alloy was used as various thick tubes with a diameter of 
1.0mm by extension rolling and wire drawing. The last cold working at that time was 1.0mm in 
diameter from the diameter of 1.20mm. Then, heat treatment for 500 degree-Cx 300 minutes was 
performed, and the bending test was performed. Moreover, it carried out by combining also about the 
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wire rod equivalent to the cross section of each thick Chubb as an example of a comparison. The 
result was shown in the following table 7. 



[0047] 
[Table 71 


tm 






t/R* 1 


®mm (s) 












-20 *C 






78 


1. 


0X0. 01* a.-? 


0. 


1 


600 


170 0 


800 


79 


1. 


0X0. 125 " 


0. 


125 


700 


2000 


850 


80 


1. 


0X0. 15 


0. 


1 5 


800 


2200 


9 0 0 


81 


1. 


0x0. 2 0 


0. 


20 


1000 


2400 


110 0 


82 


1. 


0x0. 3 0 » 


0. 


30 


1100 


2800 


.1300 


83 


0. 








250 


750 


300 


84 


0. 


66" a9te*fJ5) 






300 


900 


400 


85 


0, 


7 1" (80IC**J&) 






420 


1200 


480 


86 


0, 


8 0" uuzMf&y 






60 0 


1500 


700 


87 


0. 


91" (82fc*fflS) 






700 


1800 


850 



*1 ; t/R«^ A -ycO^/^jL-^cO^S 

* 2 ; \sm*> 2 0 °cm&\Z£ _H®3t0> 5 0 tttD&lw £ o 5 0^ 

[0048] From the above-mentioned table 7, compared with the wire rod of the same cross section, it 
became clear that force by deformation and recuperability showed a upward tendency, so that, as for 
the tube, the thickness became small. One of the effectiveness as a shape memory alloy for which the 
tube was asked is increase of the recuperability in the spring load in superelastic, and a shape 
memory effect. That the effectiveness shows up notably reaches sample No.78, and it is 79. 
[0049] In addition, in this invention, if you examine working ratio also with skew rolling machines 
with which the reduction roll inclines, such as a cold BIRUGA mill and Mannesmann Mill, it is 
usable. Moreover, it is also possible to use this invention method also in joint tubing which joined 
the alloy plate to the cylinder by TIG arc welding etc., after raising the reinforcement of a joint by 
swaging etc., and it is **. [0050] ** [Effect of the Invention] As mentioned above, since tubing 
without the joint of the configuration of arbitration is obtained by extension rolling in this invention 
as explained, offer of useful shape memory alloy tubing especially long tubing, and those 
manufacture approaches is possible on industry. 



[Translation done.] 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Shape memory alloy tubing characterized by consisting of a shape memory alloy which 
has the tubing configuration of the die length defined beforehand, and for there being no joint, and 
continuing in the die-length direction. 

[Claim 2] Shape memory alloy tubing with which the value of the ratio of thickness and a tube 
diameter is at least 0.125, and is characterized by having twice [ at least ] as many bending yield load 
as this to the wire rod of the same cross section in shape memory alloy tubing according to claim 1. 
[Claim 3] Shape memory alloy tubing with which the value of the ratio of thickness and a tube 
diameter is at least 0.125, and is characterized by having twice [ at least ] as many recuperability as 
this to the wire rod of the same cross section in shape memory alloy tubing according to claim 1 . 
[Claim 4] The manufacture approach of shape memory alloy tubing characterized by carrying out 
wire drawing without fattening the thickness of this tubing material to near [ for which it asks 
without inserting rodding in the tubing material which consists of a shape memory alloy ] the wire 
size. 

[Claim 5] The manufacture approach of shape memory alloy tubing characterized by processing said 
tubing material at the temperature of 500 degrees C or more in the manufacture approach of shape 
memory alloy tubing according to claim 4. 

[Claim 6] The manufacture approach of shape memory alloy tubing characterized by annealing in the 
manufacture approach of shape memory alloy tubing according to claim 4 whenever the reduction of 
area of said tubing material becomes 50% or less. 

[Claim 7] The manufacture approach of shape memory alloy tubing characterized by making 
thickness of this tubing material thin and carrying out wire drawing to the tubing material which 
consists of a shape memory alloy to near [ for which inserts rodding. and it asks ] the wire size. 
[Claim 8] The manufacture approach of shape memory alloy tubing characterized by processing said 
tubing material at the temperature of 500 degrees C or more in the manufacture approach of shape 
memory alloy tubing according to claim 7. 

[Claim 9] The manufacture approach of shape-memory-alloy tubing characterized by to adjust the 
thickness and the path of the tubing material concerned processed by the extension roll-turner 
method which at least one of said tubing materials and said mandrels rotates independently using 
two or more rolls which carry out both-way rotation, the guide connected to them, and the mandrel 
by which penetrating was carried out at said tubing material to the longitudinal direction of the 
tubing material which consists of a shape memory alloy. 

[Claim 10] The manufacture approach of shape memory alloy tubing characterized by processing 
said tubing material at the temperature of 500 degrees C or more in the manufacture approach of 
shape memory alloy tubing according to claim 9. 

[Claim 1 1] The manufacture approach of shape memory alloy tubing characterized by making the 
reduction of area and the rate of wall thickness reduction of a path of said tubing material into 20% 
or more, respectively in the manufacture approach of shape memory alloy tubing according to claim 
10. 

[Claim 12] The manufacture approach of shape memory alloy tubing characterized by repeating the 
reduction of area and the rate of wall thickness reduction of a path of said tubing material as 30% or 
less, respectively, and annealing them in the manufacture approach of shape memory alloy tubing 
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according to claim 9. 
[Translation done.] 
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